Objective: Compare the initial phases of virologic decay when acute/early and advanced HIV-infected adults are administered the same treatment regimen.
inexorable CD4þ T-cell count decline (reviewed in [7] ). In the advanced immunosuppression setting, antiretroviral therapy (ART) results in rapid plasma viremia decline, CD4þ T-cell count improvement, and decreased disease progression and mortality [8] . Treatment during acute seroconversion also hastens the viremia decline beyond the natural equilibration seen in untreated patients [9, 10] , but there is no consensus regarding the long-term risks and benefits of early treatment [7, 8, 11] .
Very limited data directly compare treatment responses among individuals with early and late stage disease. It remains unclear whether comparably high viremia levels observed at the opposite ends of the disease spectrum would decline at the same rate in response to identical treatment interventions. Previously, we completed a pathogenesis-driven study involving both acute/early and highly advanced HIV-infected patients [12] . We revisited this unique dataset to compare and contrast treatment responses at the disease spectrum extremes. We hypothesized that virologic suppression would be more rapid and complete during acute than advanced disease, perhaps because of rescue of immune clearance mechanisms [13] or incomplete population of viral reservoirs [14] .
Methods
All studies were approved by the Institutional Review Board. Eligibility required no prior ART, Karnofsky performance of at least 80, and safety laboratory results were within acceptable ranges. Acute/early patients met Acute Infection Early Disease Research Program (AIEDRP) diagnostic criteria. Acute patients had negative or indeterminant HIV serologies [enzymelinked immunoassay (ELISA) and western blot] concurrent with plasma viral loads greater than 5000 HIV RNA copies/ml. Early patients were seropositive but had documented negative ELISA results less than 12 months prior or a current nonreactive 'detuned' ELISA (Blood Centers of the Pacific, San Francisco, California, USA) and a clinical history compatible with recent infection. Advanced disease patientswere seropositive with CD4þ T-cell counts less than 50.
All patients received open-label indinavir (1200 mg), nelfinavir (1250 mg), lamivudine (150 mg), and stavudine (30-40 mg) (depending on body weight), all twice daily. The patients returned each weekday the first week, then three times weekly for 3 weeks, twice weekly for 4 weeks, weekly for 4 weeks, twice monthly for 12 weeks, and monthly thereafter. Treatment modifications based on standard of care were allowed; alternative drugs were not provided by the protocol.
Plasma for viral load assessments and HIV drug resistance genotyping was separated and frozen at À858C. Larger blood draws for banking of cryopreserved peripheral blood mononuclear cells (PBMC) and CD4þ T-cell quantitation were obtained twice at baseline, weekly for 4 weeks, twice monthly for 8 weeks, and then monthly. Plasma HIV RNA assays were performed using Amplicor HIV-1 Monitor (Version 1.0; Roche Molecular Systems, Alameda, California USA, and Branchburg, New Jersey; limit of detection <50 copies/ml). Virologic responses were defined as at least two consecutive results less than 50 copies/ml. Time to virologic response was calculated as weeks required to achieve the first of consecutive results less than 50 copies/ml. Virologic relapses were defined as at least two consecutive results greater than 1000 copies/ml. Statistical significance for group comparisons was calculated using x 2 test, Fisher's exact test, Mann-Whitney test, or t-test.
Plasma drug level assays
Plasma samples for determination of protease inhibitor concentrations were collected within 2-4 h of morning doses at days 7, 10, 14, 17, 21, 28, 42, 63, and 77. Assays for indinavir, nelfinavir, and the nelfinavir M8 metabolite were performed using validated high-performance liquid chromatography (HPLC)-UV methodology [15] .
HIV drug resistance assay HIV drug-resistance genotyping testing was performed for all at baseline, and for those who experienced virologic relapses, as previously described [16] , and results were interpreted in accordance with International AIDS Society-USA Drug Resistance Mutations Group recommendations (October 2003 version; www.iasusa.org).
HIV-specific immune response assays Interferon (IFN)-g ELISpot assays for HIV-specific T-cell responses was performed at baseline by stimulating 10 5 PBMCs overnight with HIV-1 peptides in culture as described previously [17] .
Mathematical modeling and statistical analysis
A previously published and validated viral kinetic model predicts that viral load will decline on 100% effective combination therapy as [18] VðtÞ
in which V 0 is the baseline viral load, d is the death rate of short-lived productively infected cells, m is the death rate of long-lived infected cells, t is the delay before viral load decline is observed, c is the virion clearance rate, k is the infection rate constant, T 0 is the baseline CD4 cell count, and N is the viral burst size.
Results
Acute/early (n ¼ 18) and advanced (n ¼ 6) patients had distinctly different CD4 cell count ranges (T 0 in Table 1 ). Using nonlinear least squares regression, we fitted patient data to the model given by Eq. (1) and estimated V 0 , the baseline viral load; d, the death rate of short-lived productively infected cells; m, the death rate of long-lived infected cells; t, the delay; and the composite parameter NkT 0 . Virion clearance occurred too rapidly to estimate c. Thus, c was held constant at the previously determined mean value c ¼ 23/day [19] .
For the first phase decay characterized by d, d ¼ 0.75 AE 0.32/day for early/acute versus d ¼ 0.82 AE 0.32 /day for advanced patients. For the second phase of decay, m ¼ 0.047 AE 0.023/day for the early and m ¼ 0.063 AE 0.026/day for the advanced group. There were no significant differences in first and second viral decay characteristics for recently infected versus advanced patients (P ¼ 0.32 for d and P ¼ 0.11 for m, t-test) ( Fig. 1 ).
Although CD4þ cell count changes initially were more dynamic in acute/early (fluctuating þ/À 200-600 cells) than advanced patients, a substantial median increase occurred in both groups over 24 weeks [þ168 (þ37%) versus þ75 (þ577%) cells/ml in acute/early and advanced, respectively].
Mean indinavir levels were higher among advanced (4928 ng/ml) than early (3194 ng/ml) patients. More early patients had substantial indinavir level variability (>100 fold) (6/17 early versus 1/6 advanced patients) and more experienced undetectable indinavir levels (5/17 early versus 0/6 advanced patients). We examined whether there was a correlation between average drug levels during the first 10 days and the d estimated assuming 100% drug efficacy. Prior work has shown that if drug efficacy e is included, then the first phase decay slope is $ed, in which e ¼ 1 means 100% efficacy [20, 21] . Thus, as shown in [21] , one would expect a correlation between drug efficacy and first phase viral decay slope. Here we found no significant difference in first phase clearance between groups, although there was a trend in advanced patients for higher mean protease inhibitor levels to correlate with more rapid virologic suppression [for indinavir (r ¼ 0.82) and nelfinavir (r ¼ 0.42) but not the nelfinavir metabolite (r ¼ À0. 24 
Antiviral drug resistance
Four acute/early patients and four advanced patients had 1-3 protease gene mutations associated with drug resistance (combinations of M36I, L63P, A71V, and L10I). Three acute/early (versus zero of advanced) patients had reverse transcriptase mutations known to confer resistance (V118I; T215S; M41L and T215S). No individual had concurrent protease inhibitor-resistance and reverse transcriptase-resistance conferring mutations. There was no evidence that these 'minor' resistance-conferring mutations adversely impacted initial virologic response. On serial testing of the acute/early patients with incomplete or delayed virologic responses, in no case were newly acquired or evolved resistance-conferring The baseline viral load, V 0 , and first and second phase decay rates, which are determined by d and m, respectively, are not significantly different between the groups. T 0 , baseline CD4 cell count; t, delay before viral load decline. In (a) the data from patients 6 and 15 did not follow the expected monotonic decline and were not fit; these were the only participants who had interruptions in therapy during the first 40 days (both experienced major psychosocial events during the early treatment period). Patient 8 reported excellent initial adherence but attempted suicide and stopped therapy on day 42; thus, whereas his treatment response is not prolonged there were sufficient data points prior to day 40 to establish good fit with the model. The best fit values of d (per day), m (per day), and t (days) are summarized in Tables 1 and 2. mutations seen. No patient had evidence of treatment failure triggering repeat resistance testing.
Extended follow-up
Although initial viral load decay rates were not significantly different for acute/early versus advanced disease patients, four patients in the acute/early group did not achieve less than 50 copies (all achieved <1000) within 24 weeks. Time to virologic response was 17.8 weeks [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] for acute/ early versus 14.3 weeks [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] for advanced patients (P ¼ 0.22). Mean time to less than 500 (<2.70 log 10 ) and less than 5000 (<3.70 log 10 ) copies per milliliter was 11.2 weeks [5-18] versus 5.7 [3] [4] [5] [6] [7] [8] [9] [10] [11] weeks (P ¼ 0.05) and 3.1 weeks [1-7] versus 1.7 [1-3] weeks (P ¼ 0.07), respectively. Time-to-virologic response correlated with neither peak viral load nor baseline CD4 count (data not shown). These longer term differences were not explained by more effective pathogen-specific cellular immune responses or antiviral drug resistance. Instead, trends suggest erratic adherence over time in the acute/early group (including in the context of suicide and drug overdose attempts, homelessness, and relationship discord).
Discussion
Mathematical modeling of HIV RNA declines in acute/ early patients and patients with advanced disease treated with the same therapy demonstrated that the first and second phases of treatment-enhanced viral clearance are not different at the extremes of the HIV disease spectrum, despite years of intervening viral replication and T-cell depletion. Further, both groups had favorable responses in terms of absolute CD4þ T-cell counts, during the study and over longer-term follow-up.
Putter et al. [10] previously reported a slower relative decline on therapy (involving various drug combinations) during primary versus chronic infection. These authors speculated that differences were due to an immature immune response in primary infection, enabling longer persistence of productively infected cells. In contrast, our analyses suggest a greater magnitude of HIV-specific immune responses, as measured by IFN-g ELISpot assays, in acute/early cases. These findings support Little et al. who showed that the first viral decay phase in patients treated during acute HIV infection was comparable with that reported for chronically infected patients [22] . This prior study, however, did not involve chronically infected patients treated in parallel for direct comparisons of treatment responses to the same intervention. Data from representative subsets of acute/ early and chronic patients treated with the same drug regimens from the study by Louie et al. [21] also demonstrate no difference in first-phase decay rates (Table 2 ) [25] [26] [27] [28] . Table 2 compares viral kinetic results found in a variety of studies in which drug was given to patients presumably at or near set-point viral loads so that Eq. (1) and/or variants could be used to analyze the data. In general, the more potent the therapy, the faster the viral decline [21, 23] .
The study design employed here allowed us to explore detailed, clinically relevant comparisons despite the limited number of patients . The regimen utilized in this protocol was difficult to tolerate; indinavir and nelfinavir are now rarely combined because of overlapping toxicities. The poor regimen tolerability compromised our ability to define sustained optimal treatment responses, but does not call into question the first and second phase kinetics analyses, because all patients initiated the same regimen and the kinetics are largely determined by early viral responses [18] .
Although sustained viral load suppression on therapy may be differentially affected by diverse factors (host immune responses, antiviral drug resistance, latent cellular reservoirs, and perhaps most importantly, psychosocial and behavioral determinants of adherence), our findings do not suggest a difference in initial plasma viral load decay rates when therapy is initiated early versus late in infection. 
